Introduction
Calcaneal fracture, the most frequent injury of tarsal bones, accounts for about 1-2 % of all fractures in the human body [1] . According to a recent study [2] , 75 % of the calcaneal fractures affect the foot function. Of all the calcaneal fractures, approximately 75 % are intra-articular [3] , involving the subtalar joint. The intra-articular fracture is mostly caused by a fall from a height [4, 5, 21] with the heel directly hitting the ground. Vertical violence delivered to the foot often leads to the displaced intra-articular calcaneal fractures (DIACF).
Although conventional management of DIACF can be surgical or nonsurgical, controversy remains as to the optimal treatment of the injury, because both surgical and nonsurgical treatments have pros and cons. Outcomes from previous randomised controlled trials (RCTs) have varied. Some indicated [5] [6] [7] that surgical treatments may be superior to nonsurgical treatment, while others [8, 9] found no significant differences between the two methods. However, their conclusions were based on single studies and thus lack sufficient evidence to identify the optimal choice in DIACF treatment.
The aim of our meta-analysis was to determine the advantages and disadvantages of surgical versus nonsurgical DIACF treatments reported in all the related RCTs and clinical controlled trials (CCTs) available. We believe such a meta-analysis will yield stronger evidence to answer the question concerning clinical treatment of DIACF.
Methods

Study design and search strategy
All published RCTs and CCTs comparing surgical with nonsurgical treatments of DIACF were searched by two authors independently. Databases used for searching included Medline, BIOSIS, Cochrane library and Google Scholar. The eligible time was from 1980 to 1st December 2011. There was no restriction to publication language. Key words used for searches were: displaced intra-articular calcaneal fracture, displaced intra-articular fracture of the calcaneus, operation, non-operation, surgery, non-surgery, conservation, randomised controlled trials, clinical controlled trials, controlled trials and randomisation.
Selection criteria
Only RCTs and CCTs that compared surgical with nonsurgical methods for DIACF were taken into consideration. RCTs consist of randomised and quasi-randomised trials. CCTs are trials that test a treatment involving two or more groups with the same disease but without randomisation among the patients. Studies without effective reporting of primary results and those with inadequate data for metaanalysis were excluded.
In all the studies screened for the present meta-analysis, patients recruited were adults with a definite diagnosis and a written informed consent. Their exclusion criteria included operational contraindications, previous calcaneal abnormalities or injuries (e.g. an infection or a tumour), co-existent foot injuries, extra-articular fractures and open injuries [7] .
Study identification
Two reviewers independently screened titles of all articles obtained. The abstract of any study that was potentially relevant to the topic was reviewed; a full text was referred to when the information was inadequate from the abstract. Discrepancies were resolved by consensus after discussion.
Data extraction
Two reviewers participated in the extraction of effective data from all eligible studies. One reviewer extracted all the data onto a table prepared in advance. Then, a second reviewer verified the data for accuracy. Disagreement was resolved by discussion and a third reviewer's opinion was asked for when necessary. Effective data collected from all trials included data available for meta-analysis and information on general characteristics of studies and participants (study setting, study type, number of cases in each group, etc.).
Methodological assessment
Methodological assessment was conducted using the modified Jadad scale [10] . It is an eight-item scale designed to Table 1 ). The score for each article can range from 0 (lowest quality) to 8 (highest quality). Scores of 4-8 denote good to excellent (high quality) and 0 to 3 poor or low quality. The critical appraisal was conducted by one viewer and verified by another.
Outcomes for meta-analysis Primary outcomes were classified as anatomical restoration, functional recovery and incidence of complications. Anatomical measurements included changes in Böhler angle, calcaneal height and width. Functional measures covered problems with wearing shoes, resuming pre-injury work and residual pain. Secondary outcome was a sensitivity analysis to compare meta-analyses outcomes between all trials and only RCTs included.
Statistical analysis
Statistical heterogeneity was evaluated using I 2 statistics, complying with Quality of Reporting of Meta-Analyses (QUOROM) guidelines [11] , which describe the percentage of total variation across studies that is due to heterogeneity rather than chance. I 2 can be readily Remove duplicates (141 were excluded) Fig. 1 Flow chart of eligibility selection calculated from basic results obtained from a typical meta-analysis as I 2 0100 % × (Q − df)/Q, where Q is Cochrane's heterogeneity statistic and df is the degrees of freedom [12] . Substantial heterogeneity exists when I 2 >50 %. For outcomes when P>0.05, a fixed-effects model was used in the meta-analysis. Otherwise, a random-effects model was adopted for P≤0.05. Dichotomous data are presented as relative risk (RR) and continuous variables as mean difference (MD), both with 95 % confidence interval (CI). The meta-analysis was performed by RevMan5.1 software (Cochrane Collaboration, Oxford, UK) for outcome measures. A P value of ≤0.05 was considered statistically significant.
Results
Literature search results
A total of 283 potentially relevant articles were identified (Fig. 1) [13] [14] [15] [16] [17] [18] [19] . After reference to titles, abstracts and even full texts, six published RCTs [5] [6] [7] [8] [9] 20] and four CCTs [21] [22] [23] [24] with a total of 891 patients met all inclusion criteria. Information on general characteristics of studies and participants was listed in Table 2 .
Methodological quality assessment
Total trial scores (Table 2) indicate that the quality of most trials was poor based on current rating system. Only four designs [5, 7, 8, 20 ] scored 4 or more, with a maximum of 6.5 points [7] . The main problem reflected in nearly all studies was absence of methods to assess adverse effects. Apart from three studies [5, 7, 21] using single-blind assessment, most studies failed to use any blinding methods for assessment, which might bring a certain detection bias to the results.
Meta-analysis
Anatomy measures-Böhler angle, calcaneal height and width
Three trials [8, 22, 24] (Fig. 2) .
Changes in post-treatment calcaneal height indicated that the surgical group had significantly less height loss than the non-surgical group [MD 6.55, 95 % CI (2.67-10.43), P0 0.0009] (Fig. 3) .
Similarly, patients managed by surgery had a significantly more stable calcaneal width than the nonsurgical patients [MD −7.05, 95 % CI (−7.83 to −6.27), P < 0.00001)] (Fig. 4) .
Functional measures-problems in wearing shoes, unable to return to work and residual pain
With regard to shoe fitting difficulties after treatment, outcome according to four RCTs [5, 6, 9, 20] showed that surgically treated patients had fewer problems in (Fig. 5) .
Three RCTs [5, 6, 9] and three CCTs [21, 23, 24] compared the number of patients who failed to resume pre-injury work. Results showed that more surgically treated patients were able to return to pre-injury work [RR 0.59, 95 % CI (0.41-0.84), P00.004] (Fig. 6) .
A total of 75 of 119 patients in the surgical group compared with 85 of 121 patients in the nonsurgical group had residual pain during the follow-up period. But no significant difference was found between the two groups [RR 0.90, 95 % CI (0.68-1.20), P00.49] (Fig. 7) .
Incidence of complications
A total of 77 of 338 surgically treated patients compared with 53 of 328 nonsurgically treated patients had complications (22.8 % versus 16.2 %). The significant difference indicated a higher complication rate in the surgical group [RR 1.51, 95 % CI (1.11-2.06), P 0 0.008] (Fig. 8) .
Sensitivity analysis
Sensitivity analysis was performed by excluding CCTs. We did not perform meta-analyses for the anatomical measurements, as there was only one left for a second analysis after exclusion of the CCTs. The I 2 , risk ratios, 95 % confidence intervals and P values regarding inability to resume pre-injury work, residual pain and incidence of complications were still similar to the results before exclusion of CCTs ( Table 3 ), indicating that CCTs had no bias on the results of our metaanalyses in functional recovery assessment and complication rate.
Discussion
Results of our meta-analysis confirmed that in DIACF treatment, surgery can effectively restore the anatomical structures of the calcaneus and lead to better functional recovery, though there is a high risk of complications.
Better results in restoring the anatomical structures are probably due to the efficacy of open reduction and internal fixation (ORIF) [25] as well as external fixation [26] . But Ibrahim et al. [8] indicated that no significant difference was found between the two methods in restoration of the Böhler angle [MD 6.50, 95 % CI (−0.34 to 13.34), P00.06] and the calcaneal height [MD 1.00, 95 % CI (−2.47 to 4.47), P00.57] at 15-year follow-up time. However, this conclusion was based upon a small sample size of only 26 patients. On the other hand, the follow-up durations in the studies included in the present analysis ranged only from 1.2 to five years, far shorter than in the Ibrahim's [8] study. To clarify this advantage of surgery over non-surgery in DIACF treatment, RCTs or CCTs with much longer follow-ups are needed. Fig. 5 The number of patients who had problems in wearing shoes after surgical and nonsurgical treatments Surgically treated patients had fewer problems in wearing shoes than the nonsurgical group although a potential reduction in such a difference may be due to the tight internal fixation that ensures little change in calcaneal width. Surgery can also result in better functional recovery (more were able to resume pre-injury work). However, as Buckley et al. [7] proposed in a multicentre RCT, light or moderate workload may lead to better recovery from DIACF, but patients with heavy workload are unlikely to recover well regardless of treatment type. Therefore, subgroup analysis should be performed in sorting of different workload intensities for an accurate conclusion. No significant difference existed in residual pain after surgical and nonsurgical treatments. This is probably because pain tolerance is a subjective assessment or because pain control is essential regardless of treatment choice.
Except for the above three measures to evaluate the efficacy of functional recovery between surgical and nonsurgical treatments, some data not available for metaanalysis were also reported in the eligible studies. O'Farrell et al. [6] reported that surgically treated patients had a significantly longer mean pain-free walking distance (4 km versus 1 km, P<0.05). They also compared the mean range of subtalar movement and found a significantly larger range of joint motion in the surgical group (P<0.05). Leung et al. [22] observed that patients managed by surgery had a significantly shorter absence from work (P<0.05). Many different kinds of assessment scores or scales were adopted for comparisons, such as Creighton-Nebraska Health Foundation assessment sheet, American Orthopaedic Foot and Ankle Society (AOFAS) anklehindfoot scale, Short Form-36 (SF-36, a general health survey), visual analogue scale (VAS). However, little effective data could be pooled for meta-analysis from these scores or scales, as there was no consistent assessment system or presentation of the results in means and standard deviations.
Although better outcomes were obtained by surgical treatment in anatomical restoration and functional recovery, surgically treated patients had a significantly higher risk of complications than the nonsurgical ones (22.8 % versus 16.2 %, P 00.008). This is because nearly all the surgical treatments investigated were open. As reported in most eligible trials, an extended lateral L-shaped approach was adopted as a regular surgical procedure. Although this surgical approach may reduce the complication rate complications, such as skin necrosis and wound infection may be difficult to avoid.
In order to reduce the high complication rate caused by open repair surgery, recently, percutaneous repair Fig. 7 The number of patients who had residual pain after surgical and nonsurgical treatments Fig. 6 The number of patients who failed to resume pre-injury work after surgical and nonsurgical treatments surgery has been applied in clinical treatment and shows promising results. Tomesen et al. [27] showed excellent results using percutaneous screw fixation in DIACF treatment. Schepers et al. [28] indicated percutaneous distractional reduction and fixation to be a safe technique with overall good results and an acceptable complication rate. Dewall et al. [29] in a retrospective cohort study found that the percutaneous method of reducing and fixing calcaneus fractures minimised complications. Results from Woon et al. [30] showed that the percutaneous approach could avoid soft tissue complications associated with open reduction. According to a recent study, Rammelt et al. [31] found that percutaneous fixation was a reasonable alternative for moderately displaced Type II fractures and provided adequate control over anatomical joint reduction with either subtalar arthroscopy or high-resolution (3-D) fluoroscopy. However, RCTs or CCTs are needed to compare the effectiveness of percutaneous repair versus open repair in DIACF treatment, especially regarding the anatomical joint reconstruction.
After comprehensive search in databases, only six RCTs fulfilled our selection criteria, one of which [8] was a 15-year follow-up report from a previous study [9] . Since the sample size of RCTs was limited, we also searched for CCTs related to the topic. The chief limitations of the studies we recruited are small sample size and short follow-up time, which may affect the stability and reliability of the conclusions. Another limitation is lack of compatible assessment systems or outcome measures, which may lead to loss of abundant data for meta-analysis. The recruitment of CCTs might be the main weakness of our meta-analysis, as they may cause a certain degree selection bias to our results, especially those regarding anatomical measurements. Therefore, CCTs-related results and conclusions should be treated cautiously. One point should be emphasised, that is, outcomes from the sensitivity analysis suggest that surgical treatment can at least bring better functional recovery.
Conclusions
In summary, our meta-analyses confirm that surgical DIACF treatment can result in better restoration of anatomical structures and thus better functional recovery, but it may carry a high risk of complications. Consequently, surgical DIACF treatment may be superior to nonsurgical therapy after trade-off of functional recovery and the price for the functional recovery. We hope there will be more multicentre, large-scale and high quality RCTs with consistent assessment systems comparing DIACF strategies, especially percutaneous with open repairs. 
